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I .  
A.. ms a Mlmmm 
fh# tntrodaetion tft# alt©pa«$i^ mvT®m% iistfttwtloa 
sy»%m % tssrg# W#stl.iigte.o«»« ta IStS aai th® €«v®l9^®at »f 
fell# tmmf&m@w tof Stanley l«d t# aa ©airly mwmvmimmm tb@ 
©f «©lls »i>untei oa ir®m of jf«fi?@»F#a.eto^s 
ami of th»ir aetiens ta ii3lt0»«ttag ©iTeailta'. „ It was, 
•fca^WM, that -tb# laflaKitaiieii.' #f sttsb *a« aefc e#ii«feaat., but 
•aried wtth t!i« talw# ©f M»»at m& that this was 
a©* a 2..ia#a^ t@ %b« abftps- ## tb® «gii«t:tiafeion 
of tto# i»B ««#€» ' 
Mmthmmttml mTmljmtn #f s«-@h i®s€« • fr® 4iff#r-
©atlal #Q-«®ti©ai wttto taFtafel# e©@ffieisat#-whieii mrm &'imm% 
iapo»»ifeX® ®f a®lati«^ f# aii€. %o ototeia. 
i^®salL%s tb© i«' t# tta«. la-
tfwetaae® #f th# f®»©»t»«actor at ^^iwtaat, tli®s«bF ©Malaing 
•dIff#!•«»%tsl witb mmiiMtmmtm as® an «asy 
3 
a^latioa fch# etrealt# ffeta a©tb©4 tli«a l#a€« 
fc© til,# as# of •e©»pl« -ft-IgabFit ta s-tlll fa^rtb#? aiapllf jing t.b# 
8.a&lysi«» 
1®*®!'®!*, this to. %#«» €>f ®r 
•diff©r®mfeial ©qmati^as., is tes.s'@d- ©a m» rnBsmmptlkm whitb ia 
;c#rtaSa p#oM#sw 'M-aaQt hm »wpport@€. This ass.w«ptl©a ia tbafc 
B 
of m thm th® vftlw# oi tli® iMaetaa^ is 
a0t a faaettea ©f m tJa#. 
fh# .lii»«a»«€ appli«ti«i of satii^bl# mm wm&tms, 
#tr«ilts, twjMd with , 
sad fttiba«aeat&3. stii4S.»s &f mmtsetmrs aaft i»©Myi,. haw#.shoira 
til# ®M«:r a«tli-@ts »f design aad mmljstB b&B@d 011 tb# mmtmmt 
mmmm^Mm. t# te» fb« p»^s«a% work was 
mmA&Ttmkm t@ m «s M»is, aethois ®f m» 
aet©i? mm& ®f aaalfsis eeata.taiag 
wl#®® -IMu'Statte# M a f«B©tl©a of m® mwmnt 
flmtns* 
B.. mftnmum 
is tb# p»®poFtl»aality imnt&p h&%wm&n iamtaa-
feaa®o«» taiasi^ foltag® aat tb.« i«at@ ©f #!i«,i5g@ ot mmm»% ia 
«a eif«®£t. ftet ist ' 
I 
-fi. = - L aj. 
is the defining relation for Indaotanoe glTtsg 
L - <1! 
«a tb« toa#le Jteiiuctatt^.. 
1*4®!' ®iii iiav# iadltatet a awbei' ©f ©tli«F 
a#fiRlt£#ai #11 •««© or a#tb-©fi mt m&mamrmmt- mmj ®f 
th#»® A#f.taitt-0a8 am mmmlj %im» mvmmg&a ©f 
weight@i la tarl#tts w«j« t© pr^ue® ©®^tat» A@si3*«a. 
B 
If ife is mmmmhrnweO. tbat ®q»ati©a Cl) is m r©Xsti®ttsl3lp to®-
%wmmm imtmntmmmB qiao*iti®8, %h®a {1| to#®««a feb# furida-
i©fiaiag -relatfioMblp for aaS %hm o%fe«JP 
tfp«« ®aM«?£g©fi hy SmAm m.nA Mtsmrnw hmmmm mly «-p«eial 
eases * 
g«FgQ->iMttot&ng® Is a t#» ««®d t© d®sigiiat® the s,p@etal 
pp#psrtt@» @f sa ta4»@feaa#@ wbm ir©a it iatf#€a©»d infe® th# 
®ir@a£t» mtiMiMg ml&iim, CD atill the 
valtt# OS# t, _ til# imstm.0. ts a® luagtF « eoastant 
is s fHii©ti@n if tb@ 
yeCT#*inA«^or &t iem&'-rmetm &m t«w» as ii©u»S' 
t© indiaats e®ii» with. ir©n -©©res, bawtog, tte® pr&pmr^im ©f 
f©rif<i-iadw^aa-ji« • 
0« Mmim £.it#yafeiar@ 
lippaTm&tly ttm mppMmMlm et ftb# n®ii-lia@a.r 
voltag#-©ww«iit #fisraet#ri«fei« ©f was mad® 
bj ZBwae&k^^ ia 18ti« fhis tli® »s# mf tw»'mtormrM, 
with d-o ©xettatiea t& m&mmtmmi-e feh® aea-lin««rity, so eoa-
a©et#«i as to prMii#® #o«Mi«® of iapiafe fir®qtt#ney. Ttais 
metbod tat^oaae.of ©eaiiia«»bl® iapwtaa©® t&r rmM&^imqu&nmj 
gmmp&ti&m ia aai wa# tmrtb-mw &m bj 
aM Rysm^'® ia If20, With of tb® tJ?iM« meima %«!>© 
it mMseA to- bmv® imp&f'tmmm althon^ it toss bma 
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ffe® satarfttlQa mla# ©f th# st@el is S, aa4 (3 i« tii« tnti»£nsi<s 
fhl# #Qiisti#a is liattefi ta amp®, 
gfvlog e g©®# fit •%© s%#@l ••smiles naly la rmgXQm sb#f@ 
tte# Iteas®, 
Rmt«r a»i . £4t«lav# "as## tb© 
H = B + h'a. G" 
a«i wbtl# this ftta th# mwms. fmSxlj well, 4fe 
is isp©»«ito3.« ©f tt-m» tmw ©lr«lt aasljais, mm will b# dis-
mUBM im t.b# aniEi s#etiom» ia4#r «ii4 it to 
dbtala ©f f®^ip©-ia^a(^aae@,. -feii# i»@a«lts mr# ob^l-
©aslf: la «r-©i», «toe» tt3«f iadlcat# taflalt# tmMmB @f ia--
da©fea»@« for g#» *ti»«aa «eii|.al ml«®s toia^aa®® 
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and aln©@ aa ®af n»y b® @xpr®ss©<ft ass 
ji - - N lo"^ 
the two mm b© ®qoat#d, givingi 
V 
L = /V ^ X lo''^ (7, 
ftj® a&gra®%iza'tl©s mm® is a plot -of B agaiant 1, wb©r® 
1 is p^oportteuftl t# ^ aM 1 t© £j e«s«qa®afeJ.y d(/,/<U is tb© 
sl<ip# of tti® i«gii@tt»iitl©ii enrv®. .mdiietaae® is thQrofor# 
propoiPtloaal t® th© slepe ©f tii.e iiagii®tlsatlon «rv«. 
It is tb«a possibl® to s«% «p few© eriteria whleh a 
funetion, t© t»® asftfiil as an appfftX-ifflatton %o tb@ i»gn#tisa-
tlon 0aFV© of ft nast fllfilli 
1, fh® fiiaetioa 8ho«M b« "©W. 
2, fb« €^/€i of tim fttwetlon ahouM 'Ij® 
Matheaatieally slapl#. 
Applyti^ tills t®st t© th© ftja©tieii8 as«<a %y o%b«i* te-
v«atlg«t@i»8 it 1» s®iin that IS) aad 14) ©f S@ni»ek 
aa€ R-yan a««t the ilmt -abov#. fb® ©mations (5) 
of Sokiial®, a»i (il-.'of Rad©^'«ad MtaetJ®?, si*® «ntlr®lf iin-
Sttltftt ta th©j io aot ^bst© pi*©p@i'lj tow v&lma of 
th® mriabl®. 'j^olleb^s ©qaatlna is also net awltabl© by 
ttals teat. 
fli® seeoM F©cittii'@«#at 0f th© slapl® d@i»ivati¥S is fwl-
flllsd Z©aii#ck»s ©qaatioa {3). th# d@FiTOtlv@'of th® 































































app»xta«t# a with a fwaet^iiii iBvelving 
X «aa fair Im ttta«13.y ©asily obtain^, km 
whMh %m «g«€ is; 
vhmm S 1® til-© valtt# ©f tb# t^a, 
Worfe wttb tfc® «b©v« ttraati©a %# %b® of 
aa©tta«r ftiafttea* tb© ftels ftasetlisa 1« 
4«fta#a a«i 
It 18 aa oM «i»l bas «» i%« dertvativ# s#eli x. whl^ 
ts a siiitl®? fo» tb&a tb« ©f t«i& z* It 
tmlftlts ta satl#f«et#rf tii# %w© rsgaifWHsnt® 4itM 
Amm tm « fa»tt4©a to tb# mvm, 
viiJbag a. »Atl»fe«t;or7 fit .to -wiwea tm 'wmwtmm ©an ^ 
of t«ah X asA g4 x ar# pimtM m ffa# 
vala#s 9t X ar© t«li#o iwfm th® Salthseai^a aad ar« 
tatelmtSffi f«r 6®rtala to mpwmwAi^ h* .lb mn. hm mmm 
mat fe«t.|j. thmm vmy: Sn thm eo»««t *mn#r a' 
mgs©l;t2«fc.t.i« «rvf« 
?a.jpt©«s thf ^^•i^aitlan. ••' 
tlae» t.b« siib|#.©t ts dl.t.®«s»s#«i. ta £:m tmMtmt 










.  I  -
« .  •  
o» 
14 
W^mt fch© d#fin4%i©a, ^ gi at 
gA. )c *• X 
aai ala^ 
CiAf^ JL y: - i  ^yiL-U  ^ X 
i% 'ts p®ssitel« fe© s®%' -ap ft p%lit trianigi#! 
\ 
twwm wkt^ y«3.*ii#a«titps aM 
l3yp®rbi»lle mm hm ol>ta*aM.» Fr<M tb# tytai®,!# mm 
hm mmmms ^ , . /) 
,yCCU^ ^A.f. - X 
e<ra X 
fb#s# i»gaatlsa8 ar# as-eftti p»p®rftl.®s of th« •^Amwrnxmimm., 
«• 
.-*#*• %ti-#.,^ga®t.l.satl#a c^-v« ' 
First at curt# fl%tiog teiiag th# ^mmmmmirnn 
in an-asprsasida, of'feh@ f'sw.. 
8 - B, ,8i 
w«r# «,p to anft «toov® tfe® whleh. 
•'•, s» 
poiat th# gB.i:#»aimlan fwnetton sataratoi. iro© »pM3.y» fo f 
fe«lp In tnis mglm a linear teyii was added t-# %to© '»latS,o», 
15 
aai sine© tM» in tbr©.© artoityary ©o»fca.mfes ovmw th® 
^ppsvtewt tw®,. m hmttmr ©v«»ll fit mm ®b%«Jii«i. im typtml 
sa.pi®.%lgati©m mmmmn m#T wmwy wM# raagss# fb» «plrieal 
«<i»att@R flaallf wmst 
'-f " 
It' is fc© »®t© that this mpmmmtm partafeds 
e0»sid®i^bly ©f tb# f©f» ef tb© w«ll lai»« 
"B- P tH 
whmm ts tb® tot^lasl.© d»e t# th« ami H i« 
%b« indaetiea i«® t© tb® mtr «l-oa®- ' »liil«' the e«®itaat © i« 
vtmmA t& wmvp fch# g»t#fWffitilaa %#!«» aad d®®® n®t bftv® 
tb® ¥ali[@ to hm «p9Fet®fi. if tb« ©Si/l t@ra wmw® 
equtvalfflttt to 1, yst tfe# t0» tm is plifslmlly 
fli® elt/l t«ra Is usaalif s««ll tlia% --it My 
fee • a«gl«6t@i: i» aaalffc^i© wmk* 
iQTOtloii. a t»a^#©ai«ata3. r#latioa,4M 
%mn& %# m»j 4:|r@©fc- s^latioa f©r th.# ¥«l.a®s af tb@ 
eoastents %,«» sad «• fhm ««tbo4 »ms that of a 
trlAl pr@e#s« a, «ft#r wlil#i % asd # w@r# ®fetaia®€ 
direttlf. tfels- asttofti Is awMi-issa .a« 
S©1«©% thf®# p&inta oa. ti3@ »agm#ti«atl©a ewr-t® baving 
«®ioMlatttini ®'ta#r@ aj is ®a tli« H_,axis aai 
f « %bs B axis* sel««%l®a of tb«a@ points is lap-ortmat 
If a go©a fit %@ tb« iwrv® is %& fe® Poiat 
sh©ttM to® A0s#a «.pp»a£l»t@iy at th@ potet at wlit;A s lin® 
u 
drawa .fyoa tb« <6rlgia wftb the. gr«at©«t possible s3.ep« is 
ta.iig®afe to tb® .*§»«%igatiia-a oliit %,yg., sbottM b® 
©lios«tt mm wmimwbmvm mmr or abw# tb® stM-l® &f tb@ 
poi»tl@a, &M. p&t&% at ft petitisn &h&vm tb® 
te®® cat hmtMg a% -o^ 
It Is p0»gi,bl«» if % .% «F® eli«®a tm Imi, t© hav@ 
« b#®*# « a««ta®y ant. this t« ii.ftd«at»tol© at fcb.# 
«apirf.ii«l mmm will tii-« ^m&p «fe toigh 'valti»s-» tb© e©M,itioa 
mm fea mrrmeteA W l«rg« vala®s @f .x^ m %.» 
Ift'f'tog efe©«©a fc!i« €#sl»A potats thm tb® tmllmSMg 




iBtltlfly CiO) % xt# (tl} %w xj-l 
^^ ^2. 
Xi ^^3- ~ Xj Bit ^ Xj_ -f- c 2_ 
Smbfewtst'tagf 
^>.7, - Yj- = J (IS) 
I.ife»is« (11) 'by Xj ani. (IB) by Xgi 
X5 Y:^ ^ Ka ^>^0. + ^ "<^^3 
K ^3 - X;l 'tXa + ^ X3 
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sr 















































































B, l#swlt» f«» Tjptml Btmta 
A» mm %h# abilltf of Ci) ap-
pr«laat# tkm m3*vm'S tm vmrtmm 
%fp#« mt iiaga«%4® stasis thp©« %fp«s ®f' »%##! w#?« 
fte#.fiFSt, W##%tsgh®tt.s« Mtpmrnil, WMB .s#l.©«t#!i. as %fpteal ©f 
tFaii»f#M@F- «%#©!• Simm m& 
mrwm wmm tw>m& th«t *li« ©jrv® was 
mmmnv^ M th@ Tbm mmmmA at®©l w«» I4€al©t 
4750), a high steksl., alloj, 
typical of aeay lit# tamltty fli® 
eoFv# wft» availabl# tw&m mmmwrnlL 
l-4.306it4* fH# tb^ A»8#a was ©i^a#a mhmk stmt,. 
#f tb# po#f#? o«.»elo.aally aa^,# 
ftiis a«@oefcla&tl»a mwve wm als# avallatol© fr@» tb« Utawal 
11®style Qmmw ah««t i»iifeloii«A« 




1B=-3G, 6oo + GZOO 
%»»®a ati®®* st»«ls 
-R= Si^oo Q<l(o,oei ^ tzsj]!^ 
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24 
111., kwmmstm m tii mmmi m 
A» Mmmpttmm. 
M mmt mB^mm fayst«»si# imp hm& 
t#i»y l.e«®F€lJi6gIf, tt« @ff«eb mm 
satiiia ttf tfci« »t##l hfts hm&m is ©ri«r t© sMplify 
%h# It w« tb«.% »^@%lsat.tos of %b« 
s%ml &m rnltimmtimg. mmmm% ®yel«©^ t©®ic. pin©# al#ag 
tfe« a©w»l ^r*«» «%&®r tfeaa -sf^asaa tb® 
l&mp, 
^ateag# flttx was a Is# a#gl@©%#€, mMm it &mM ao% to# 
. memm%9lj Mt#®- i»sts «&»## tt't© b® v«ipf s»ll, 
at ItASt fm tfe® wltte th,® «or# aryis^M«mts 
B» P®yM»«biilty 
1* Sugfflftl Qg :Pe-yg»aMiity> 
M&m&l is th« %«3» maM %o €®»0]pi'b# %'ii® 
®fe%aia®t tmm %b® 
u.- ^  U (20) 
It is t-li# 8l#p# ©f th« styatglit I la# draws fr«a t-h# #r%Sa #f 
- tb« aag«.#tl.Mt4®B mmM t# th® peiat at wbi.^ fe'h© |»ir«@aMlity 
i® d#sii*«i. ?hl« Is tfc« «.s#fel |»#ra»ablllfef In dis^iit 
pPOlllM® . 
fbt a<««l pmmmahlHtj mm to# «al«5«lat«i twm th@ 
5 - F, q . q 
c 
-t 
P = JLl, H = /A. N* 
—^ * ' —£sr" ^ ^ 
1 , ^ 
I«t 5^ 0< 
lb®» ~ ^ ^  togllsfe ttaitt. 
f©• • thts mitt® #f., wh%m is ta, feglt»&, Moits, %# 
%ti# *©r# @iwa<^». yelatlir® p#»©«bili%y it «st b®. mlttplim^. 
%f o-.3im, mmt 
ju^  = O.BI2^ -t 
i2m 
A -mmm #f ¥aiw«s #f {gd<»cJ/o< .aifalast is ©f 
ii#lp ia tfe# trnla# «f p®»Mblltty 
imw a»f win# of a*gs»ttsiag tmTm.* S«eh- a 'iwayv® i« pr#a®nt®d 
la Pig«i»« 5.-
Iqaatioa iSi) Ha® h%mm. si#.@i. t# tte# ao«a.l 
p«f«®abl.lity ®f %h& Hipsrsil mtml mm wbos# 
mT-wm is shmm «m Plpt» 2, fh# w&lmm- #f' tb# ifoa mustmat® 





2,0 2,5 3.0 
ctC 
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8 12 16 20 
AMPERE TURNS PER INCH 
m 
fAlil 4 
f«l«® of fao< ma, a ®f c( « 
g.AoL 
0.2 0.199 
0.4 0.390 o.w§ 
0.6 0.567 0.94S 
0.8 0.726 0.908 
1.0 0.866 0 •8;6'6 
1.5 1.159 0.764 
2^0 l»302 0.651 
2.S 1.4€^  0.564 
3.0 1»4?1 0.491 
3,6 l«3i0 0,438 
1.534 0.384 
5#0 1.557 0.311 
•6«.# 1.566 0.S61 
§r0 1.671 0.196 
mmM s 
Anp.tm'^ a® 
p«ip la^ to •alwipiMi 
fegilsb waits 
Wm^mw'ieA ynuaiaslated 123) 
t- 35,000 4700 5<^  
4 16,400 §140 4750 
0 13,250 4150 4090 
S 11,250 3530 3470 
1© 9,550 S980 mm 
12 8,200 2560 2590 
15 6,800 2130 2140 
20 5,250 1640 1640 
50 3,600 1130 1070 
B9 
with th# ©f /<- %Mk®m trmL 
t %M i«€® ia Tmhlm S ftM. F4@ar@ §• Mmmllmmt ag*'««B«iit 
t« 'IMltettttg #qii»tioa -(^2) ts switafel# tm 
©f ytx, • '^aXly ©los® agr««a»a* to«s "tmmn 
for lit«al©l.. 
S* BMtmwmmtMt m wmmmhllttw* 
prnmrnmhttitj i# t#fta«d as tb# slpji# of 
oiagnotlKatioa mrwm, m fcti« fe@ sa»l.l ebm-ngms^ of 
sagBdtiiiiiig f««.* ffeat is I 
/, ^ ^ d.B 
/^d- ' d.H T& 
ant . , (9) 
f-|i«flo , af%®f witiplying by O.SltS '%& mmwmw% to y®3.atl.v® 
•p®w«ebllife3r, tsi 
- o. B^pt ^) m) 
fhia of peM»*bllifty If ©f ms® In May a»© «l©Blati©wi-. 
fo mhm (2'3} im- oQTmet, Wt^iT® f foi* 
ltp«riitl 7tp»»« & .t&r liealM tisv® b#®B"©pared, 
Tbm ei-oa® b«tir©#a tb« mla#» ^d. eal«l«t@d 
©quatioa CS§) aM ths a@sstty«€ tis-m. tb# «!©## ®factual 
aa^^®-fclaati#a fmrr#® i« • fti# -of tto# irm ©oagtaats 
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AMPERE TURNS PER INCH 
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fh« dfipartiir® of tb© mwvmm at lew val«©» of li/1 
Is €a® to tb# lemmrm^' mrvatnrm the «aga®tl»%t0» 




ffie «<!««%i©a a4opt#i for th@ «ga®%is«tt0a omw# isj 
T? _  ^ j_ C 
lg««tSott ff) stot#s that! 
L' ^ iu '  
(24) 
d± , ^A&,A/^ <^1^' + CJ^ 
dj. Jl ^ 4 
Ttomt 
i -. .aa) 
^matM,m 125} gif«a tli« TO.|«©,. ta bmmwfa, of feb# indtaetaae® 
of a with «sy valw# #f ®i»«at fto« 
flrat t®m on th# rigfet !«• the mmtwltmtt&a. at© %o tb.® ppes«iie@ 
©f .tb® laroa, tb# tmm is th® ©oasfcaBt m3.«® ©f fch# in-
daste»®« if tb« Jr©ii ts ip@»©v®d, Imwlmg «» atr mm* 
m 
Sin©# tli« m&xSmwm of s#el* x is iiaity ani mmm 
tm to ««F©, tb®a th# oaxlaai vala® ®f ftl» IMW'Citaae#-
oe^CMifs • s% lero «a4 ta s 
Aet'nally, aa# %©• tto® ssall mrwm^mwm of Mi# aaga#tl* 
satl0». ©irt# i^af- , tb# *«xlffl»a. .»#a#a»«>d. lada staa'@® ^Qmm 
m&% at Iwit mmw' &m&» mMmwilj %lit« «•<» «»s2.1 
as • t© fas #¥#rl©>©k®€, -tuife tt Is intweattag t@ »©t® that tti® 
vain® as gives toy <Si) nsnally Is very ol®®® t& tli® aaxl«ii, 
mla® «f infe<ifc.ai»s«. 
Bj netlng that #«'§&, cx5 ©^malir g#r©, %h& •fala.® @f la-
t'asfema©# ts mmmm t© %® «@v®r less fciaa ©Al^/l» ©r fhat of tb® 
e©il «ltfe nm. a tip mm* li^, valU:## of mvf&mt mm feb© 
tb© trea t# s#r@,.]ta% mn mwew r«d«c© th© 
indtt©ftaiie® win# to®l©w that of th« coil on mm mtw mm* 
fb# {2S| 1» a airnpl#-#xp»-#®si©a foi» feb® ^ealea-
latidii »f f®fr0»tai«etam®#» If Its «s® an IMweior 'eaii to® 
ifSsi^M itt adfsiio# of cea»twetl©ii, t® hav® m giv®a tadwefeane© 
at a Qtmn mlm& of ^freat, th# ®u%j data ^F^qaiipt-a to®l-ag th@ 
ecttistamta a#% « ©i* tli« pfsTttcaMr type of Imm to b@.ius@€# 
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©f -isiaotaae® lay ©f iapMsai^, 
wsiag v%wf s*H Gi ««© ¥oltag®,ar@ nmt smfjiafaetory, 
always gi^tiig mlwm lower than -preaiefe-et bf this Is 
ai^-iu fitt® to %hm tmrnt tbat th# a»@ ia «®i8W-l«g: tlw 
al&p« ©f tl3« »«!©? axi» #f tb® liyst®r#si# leof,. aad this i^©p© 
is alwajw l»i:# tii#s tHat &t tli« eW'Ff# at tb# 
potet, yt#Mi»g & Immf 'wmlmm* 
h€w«v«r, p»©vii@* « mmm tm mlml&ttvm 
th# aaiSF i®f €«8iy#d. ©f ^eoailtiei®, aa4 
1# a *dF« ,feaia»#iital asi fe«gi© 
H was mmmmmrj t® -Arnwrnlm » a«* a«tbM. bf wbitste ferro-
laAwet«-nc@ eaiM to#. at aitf vain# #f oarr«»t ®r a®p#i»®^ 
tarai. This mm was feasoA m tfe# *»-#l«tt©wbipi 
L-  /v^Mo- ' '  
tbts. It s#«it tisat ioi^etan#® ess wtas«r@i 
at may ef 8t@ady .«ipiip© tf a «haw^0 
to eiiwdnt t» «d«# tii# €tff##©ati«l ^aag« tit flax 
*#asttjp®t, ».»€ tb© patio %mm a-M by I. 
^ Wm «ia»ar««@at« -©if-th® ttffufsats^l 
stia^& it is a®#t «f.at®ai9»t t# «s@ m tfef#©- «j@11 ifr3FaMg«®at 
as afeewtt iR tts# elreaait o£ Figar® t. fb# stTOAy d-e 
aaper© ttt»s sf# applied in «®1.I %, tb© dlflal 
^a.ng® ts «t« in eoil ig whmm ia t& b® 
an€ %hm tblf€ #©11 % 1# fm ^llia.lle »®a«»r®»®at ®f th® flux 






Ng AMPERE TURNS MUST AID N, AMPERE TURNS 
w 
«@.eoaS, *8% hm to &M*. 
fb« pe0©«attF0 im mmmwi.^ fb®. wmlim &t ioAm&i&mm at 
©a® mlw® mpem %m3?m is as,foll«w«s 
With. % eMsM, #p#»' switeli. Sj, md &lmm switeh 
% ai^ tt4|«st tlii mlm ^ t# giv® th® 
diff©rei* tal fta|@r# tams ia eoil Ig. .®p®a swltA %• 
B«.at.g^«tis« tb# e#i*© tttsf^ghly wttofe a !i«afy appl.l#»tioji 
#f a»0 aap@y« %«i»iia -*ii^ ay® Blm%j %& mwQ* Sl«^@ 
switch Sj^ «M ta»sa«@ tb@ -©irfiiat t» giw tb# 
@f d-e tsp®r® tafw at wbfeh Vbm ii^etaaes Is 'tm 
fhi-a «iit &twmj* It® approtolt-iA tmm if sussed 
a««li.«at«lly %h# mm mmt h& «ia pro«#4ai^ 
Qpm %M &.tmmm9%m switeb. •tt^.a mlmm 
»wtt^ Sg ysitt tb# mmtMmg Mlltstie ftap* of th# gaim-
iK»»t»i»# By mm #f tli« mUMmtlm. .©-e^tawfe K, 
tb@ tlmm mn tJ« ©b%ai»@€ aad »atostitttttag. Sa. 
whmm 9 Is »g, tl# tarns to tte® iwrip®at »11, tb# 
ittiiiai|«»e®, t» mmtlj ..eM:pat®a» 
»e .aettioa i« M#«€ ©a feh® f«t#t cteagaetlgatlom, 
mm ta «l«>»g feto# TO.»al. aa^tigattm 
•mmw, audi th* efaai^# is tja a« a^ifciv® 
»aia»#, taklsg tb# tm'ttmr .al.@sig feb® a@»«l ^rv©. ' Xa 
tbis *sy tb® 0ff#@fe a feyst®y«®ito loep ts ©lt*liiat«d tli© 
m 
is ia a lamier a,gi»«©i,ag witfe th® thmmj 
aad tb@ 
fh« mm 1® ealtoat-®# hj tts# ©f s 
iBda©i«ae«si W#ip# a«# amilabl# 
%to®y wmm tm Q£ m 
It proportiomal t© th# -^aFg® Q. %bmt p»8»«# tlsF«^ tto« 
q ^  K<< 
If a ''k&mm ©apaetty 0 Is ©liarg^fi %@ * ka9»» 
voltag# 1 %%mt 
9 ^  C £ 
aai t-'b® »»sfcaat I %: 
t\ ~ ©«liatos/«, im} 
F®t* %h# ^liraa©a@t«i' »#«« teis @#iis%a.nt wa» ##%@miiiod. as 
O.Sli- X %Q*^ ©©«l«lis pm? mw^Mmmwrn 
fh® ©feaipg® Q pmsstsg tliF«gb .a ballistic. 
wb:«ii mm tlmx to th® &i.rmU <Aaag@ f^oa i|f3_ t© 
ia gt¥@a t 
Ai 4, ~ N 4z. - N ^4 
^ m) 
wls^» 1 ia tta@ »»#i8%€ao# tb« eg^m%%* s^wtloa 
CtS)' giw# a mmmlt ia #JL»@trMa^©%ie mnifcs,.. a ©teaing® ft® 






m an ©jp'estim rmlmtiMg thm .ga:lf«ai«®%®r i©fl®etloii %& th® 
cba^# ta fl«x pv©i»el.ng i%. fhljs {30.) 
mmmm to tb# ^4 ohmg# la flux by tb# 
ai.fjp«^ribls3. &hmmm 
Blmm tb® «rF®rti sai ilnx ehasg®# M«t •to® 
tti# qmmtim ityis#® &t bw lai?g® 
•mm a ehaiaf# '%#. It w#wM «#«, r«afl©m.!>l« that 
%m Bmkltm si'i# ©f t-bs %ti@ Ifc @«#a to 
•b#liig iaftotfceslaal,.'tti# ao^Nt mrmet wi»M hm to# 
Of, that as tiJ.# «t«« #f tb(® ©bmsg® was ihif Im'dm&t&nm 
rnmmm^k wmM &ppwm^ a mm^mt M this 
twrns ottt ae% t# to© th® mmmt tb# (Stff©F«atlal Baraga ean b@ 
sai® t®'© aattll. fh# wmmm f&e tv ts Ms »«% hmm i#'fe®mia@4 
way b« i«» t# «t«®l ebaraetwistles » th.» afpuratws 
fb$ mTv% @f 1# shows mm ImM&Mmmm mlnm 
fflea»iai»#i f©.i» oa# p«iPti«lai» e®il wh«ia «i« sis# ©f tb© 41ff#i»-
•®n%ial chaiigg mi mpmm mmm wmm wmvlmA.* It eaa hm a®©a tteat 
if th# atff«?#»ts.sl «baag«- ta tm smllg tli« iaittetaa®® 
la tottt at th« ©haag® M i»ey#a»^ 
tta# ¥ate® 0f %&Sme^9^n.m rl»#s aM r«Ni«h«s a ®®asta»t mlw©#' 
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d®®® a©TOj?at#ly pi'#<4ic^ tb<i iral«@ io&etaae© @f a eciil at 
m&f wmtmm of .aitpsr© twraa- iaefe* tbta %&® of thm 
i!«ast»'«®stg |«8% 4#«,eraj®t ahon-M eii#©te 
vate»» 'Srm :{2f)» 
f«sts mm mm msing tfe# »!•« e$»stan%si 
ft - §#^1 
« - IS® 
1 - '3.1-.IS irnmm 
A - 3. •if stw«ir« ia«fe«* 
f-fe» t©»ts wttb « -cell ^ twms, m ^Wl/t 
&t both 0,118 aM ©•tgS %»nt ia#» ^tli tt#ntt©al 
i*«sttlts| aM at ©oil of Bit %«»#• a#£ii^ a ^IS/1 0#t3i 
««pir® tttria la©b» fli,® »-«!%« #f th®8@ t@s%s mm *.©«i 
fey tfe® s#li€ lla# Ija 11 It, ©oapii'M wltli 
the tlm emw-s 0oapit@A (fg) 'asljag 
feb® HipsrsH fftbl®s © sat 11 rti-ew 
til# «©%» of tafcea for ftb« tiolM «iFv©« «f Fl^r«s 11 
IS,- ttalag. tte® wtbfli f©? mmmw^tmg tiim mla®' of tmrvo* 
twdm^mm&» 
•0.01« .a^#@a«a%- b#t*r®4ia *«aii«r©d sad mla«s 1« 
olJt«tra©A m&it a&sfe «f- %&« ramg®, ia « satlsfaetcapf 
©te«®k ©f t'i»« fti### safettaatiat# ftls® tto#. 
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fto« ea^ir st«rei ai^ti@a3Llr laltee%is»© Is - • -
fe®qm«fatly. mt aa «^«ssl«a f»r tMm 
1m tr@i», me mwKt& -
s^red Itt a is gitea %y; 
Baerij = (T = /^ -e 
•Jo /o^ Jo 
ani if 'ttia -^ 1® is Ija ^ws ferr©-ia«tt©t«ase 
2«lfrtfi@a C2§), ttaea: 
A8^ ^ '^' 
X- ^ U'' ^  
1to«a J 
" 9^~'^ 
^m MT  ^ m m series: 
i.'' t "• (ij ^ 
Wf@a ixmwMMs ses^a ^ ia^^atiag,. tim mmmtgsf 
? 
^ /o^a. 
• _ i : . j i ! + x i :  .  A i  i _  
^f(AKy in(A80^ i-033.0 (^s^y ] 
ftoe emriir e3qpa?ess»€ m a @f fMiL is i& an 
ii3e©a^Meiit;fiism, Mt _£lmz a£  ^ %e e^reseet as a ftusetiem 
#.f ^mA %1Ni eaq^eesiem. %e©©»ftai 
HB 
Z'' L ^ /¥V ^Odxo 
mi,m ts 1 -^ dMrgr 9'te'«€ la tte' fisM ^$Mg m 
jyH ®81®BttS EPCro '®®"5B® |l« 
1* WsSmb @f Jm^'^smm for iyifM«i ]^ 
=^x! 
Jl^ £^ Cu^^t 
mgytm%i3m z«sistii^ « #f 'mm T9mi^  moA ©tre«tit» m 
®i|aati®ii. fmt ••Wm- fitax ^esea-t la lih# ixm. ©aas %« writtea; 
(^^l^ jCiJ j t^  1^ uj i  d t  
ci •=. y<u  ^ uj'i y- zo  ^
^ W) 
% mft «3^p^0i®m £mt m&^MmM.&m aixmi 
jn a r /o,/ q'/vc<' , e/j/vi" 
»rtLiii«i^ ly -»» last t«x@ @n tl» ri^ t ©«a fee ®t.#»©t©a a® 




cp ^ A 
4 
Wfitm fto# p'opertl©! of tli# ,pi4©F*imiaa a rlg^.t tyiangl® 
mm b# ^r&wm (««» II# a#®*!#®. ») -
0^  
. ' (5 QJ^ 
wli#i?« 
^ i2/V^' 
mtA tr^m wht^h it ma »#« tliftti-
i 
CoJL, 




CMJ iM}t  
qf^  
4 
ycuuL iO y^S-C  ^uji Uf A B^N 
im 
m) 
fli©ia #qttali®a |S§) tm f#we»inA»efea»#, again »®gl®et.tag 
tb® t©» ®, l^©©B#as 
^ /h^J> ^ 0 ~ (Un 
^ LuAS^H im 
Wm %% Is kaown tliats 
(Un - SoW + Jx(y-) Q-AJ -f A G^otf-zu + -• 
BO 
B@ss0l f*iii.etl©» -aomi-
wtiieh mm 1» r®&€llf ®ml.«Rfc©4 from •bai:i?t®;s of th» 
fw»0ti©a. •00iit0q»#sfciy %h& expression tm bsesoiss 
+ 1 ( j g j  
fbig shews £m a #lms©iaal appll^ wltag#, tfe® 
l»d«C5tane# #f a -eoailsts of a eoiMtaat t#» 
plus mlmB&M&tlj m^yiag ia mmn hmvmmtms ef tb@ ap« 
fr®tm©aey... fbts provM®# &m mplm&ttm of th# @mvm 
of tim hmm&nlQ e«tpQOtats app#ari«ig ia tb# otirF®afc tbut, flows 
tte# 
W* tereat WlmMg .ta « ?@y^0»iodaetoF ^ Sin# Mf Applli^Nl 
Agtla a» «ffif adft 
Jl -z. (U^ UJ "t 
#ppl.i#i m a fiiwo-^®«e%0y a,»d aeg|#©% %b® Tmmimimmm tb© 
•e i f f m l t ,  a l « »  f e l l ®  ^ i / 1  % e m  © t  t u #  f l a a i :  - © q a a t t ^ ,  f lmm f rm 
t h e  pmrn^Mg % b «  f l a x  im givmm by (B4} i  
Ct) - Ujt 
1 CAJ AF 
51 
alao 
cjiiji __ / o 
- /  { j j f i tB^N 
^ Qcf f uji 
aN ^ \uu/\-KN 
m) 
l^itatiom fSi| ia aa #xpi»®«stoa fis-'r fcb® earrent that will 
tlm la .%li@ febti mmm:p%%&m, Ife will alwayn b@ 
lar^ir tba» tb@ m^mxA tlu# t© tb# ii®gle©ti©a ©f-
i»«ststanc®. #f tb® ^©a@%©r# a®«»«a# -of tb© mtaf® 
ftf gA*^ it 4s ebfiomaly E©a-#iBas©ld«l« 
&#<ia«atlf It i» f@rf t^.trabl# t© fee atol# fe# ealailat;# 
the- -¥»1««# -of t-t» hara-oai® •pr«»«a% la %.b« 
&M ^hem caa to# obtaiaed Isf- further fb® s«i@® 
#xpaa»l-on for ti» a»ti-#it#s«»iitaa is-.i -
- / ^ C 7 
^-AA.+ ^ ^  
C, s^t 7^ 
?h-Mi wFltlag f#r stepll'titf s 
yo j 
est) %®e®*isi 
I 6 ^oH-o -' C42) 
52 
If sttbatltwtiag. im ttm- teigoa«»®trie ,r®lafci©Ba 
in %@ws ®f Mltipl© angliisf 
~ ^ U>'*t "J" ^ ^ /'I'd-o 3 mSt) ^  
^ /<l-c«^ ^ /<LC*<, 3 u/i "h ^dUObO LAjfj ^ 
l^ '(-
-j 
aafi sft.®!*- e©ll#©tii% t®»*j 
+ + 
r, ^ r 7 
I f G + ^ 4 ^ ^  ^ »2./35" G \ T / 
- ( f - ' +  ^ +  ) ^ 3 ^ t  
V T SjiS-POO J 
+ ] 5- u. t y3ifY 3XXOOb J 
_ ( '  ^  \ ^  1  \ 3J lXooo  J  J c»} 
Iqsatioa f43| gives feh# fs3.««s t« tot tm m@h 
h&vmmlQ »mpo«i®i* in %fe# «w#afc.. It stomm that %-ti® 
fi*«Q«®aeS.ea &wm odd ba»i.#at#s, aM ftlt»^«at« la &l.g@ta»«ie 
s'lpi., «.« is w#ll te0wa for fehls 
In .T&hl® IB Is ,p»#s©iS®<l aa amlysts (£ iapit owp^eat 
wawf^ms f.@r sin® appll®# veltag®. 4*h®' -.aaalya-ts was »<1# 
wttls ft. lladto lav# Awiljzmr* Wm •&omp&wMm thmm is 
m 
alao tli.® analysis ^ %im- mx^mm wmmt 
using #qttatioa CiS). R©sg«*M© Is ©btaln^d, aafl, 
tsmM a© €0ttbt 1% fepr©*-^ If «or® t«ms ®f anfti-
gttd®maanima s#rl#s wmm tlae© tim t©»s ta so«© of feh® 
haraoalo^ eo#fft€t#ats eos*#rg® mthm sl©wly. 
f ABI.S 15 
lRiw©»4e lanlyais -. inpit Oiwtafc 
|l •« ISS turns, Hipeysli fef# 
mpp-lt#d' m mm ^npllmd .m^m. 
R18 t#tal I • 0»:2f 0.»31 0*4© 0.53 
100*0 1O0..O 100,© 100^0 
Tbtrd lej?»©at'€ % f*0 f»i 20.4 
Wtfth M&rmmtp i 1.8 0»f 
Sewatii lawoai© % 0»# 0#i 5.1 
Oil® l^p©s%aat son*©# cf ^rwm i« r©pr@s®afc«d.. 
BQtta%l0» <4S) was Am^lmpmA mw&®v mn m&mmp^imn ©f 3Q®.gligltol® 
pesistaaas. A@%aa3.lf it i» faposslbl-e t©, »®pai*al© a f©Fro~ 
s»®a®t«e# fr» its asaosiat«d rmB%st%mm for 
pifposas ®r a®s.«p«itsi»fc.. fii# @itmtivm msistmnm ot r^aetor 
#1 Is aet iitgligibl.© ai^ mmmqmmmtlf tfei« asfe»«l 
flowtog ar@ less tba« pi»Mie%#d'toy thBuvj, Tm 0ff#sfe£v® 
si»tmiie®8 -ayd appp«lJoa%©ly oba# for tb© 60 ¥©it caa® aadl 
S4 
St fm m mpplgwA 
C4i') i©#s Mm mmt^wAhle walw#^ 
sin©® ikmm is a# #tti#if f«p 4®t«»tnta^ %.li# 
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@ If, hmfevmt a slauaoMal e«rrent is 
^ UJ t" 
 ^ Xh, uy 
ctf 
aM sttbsfettttttag »##@ (441 b®.e«sas 
A y (ju c 
?i. ^ /^aaa wu •t 4- ±'j e^ojt ^ M. C4SI 
Wqt #i:aa%..ioii (45) to \m ftilfHl«i, ® -m«t feg aoa«.».liM»'Oid.al, 
•Phis' ©qmatioa is »f littl® .pr«etl«I lafe©r®st sia.©© oMteartly 
it is tti« voltag# wblei Is sfail«l>l« as a »,Sai«©M,, i«»t feh# 
#ary®iit» ly 'aa® of a <ii8t©i*t#4 ir#l.tag«-, applied t© 8«el3. a 
a sii» ®i«r«at c^alU to# l«fc- s diffwont 
dJ^fcortoi wlfcaf# -/owld l># f«qitlr®€ foi* e¥#fy ©ms©, Ttels is 
•iMpmmim.1 •fm' g©a««l as#. 
B. Maptatiop, to fatM«s 
»Q stetlaf ia ^ora to %U& @tii¥«at.loial 
eircalt ®iq,;iafctoai 
l?I./(u;L-Jrcj =t' 
iavolvlag. f»s .vali2.@s of cui'rent Awd. that it i^e«3l€ b® 
posaibl# la »«• .mkmx&r to teldg# fcl# gap to#fcw®@n tb® lastaa-
%a»#ai#. of (45) a^d 3P»a of (4€). 
57 
Si® ®# % is s©ea t® ttoa aa|©r im tM tw© 
«tmati@as« 
.®s hy f^wtB«a©t«®e irtlatiea 
125) is m iMMtrntssmmB qamtitgr,. ®m th» iastaa-
tmmmm fala® @f a iraf^la^ Of»r m ©fel« ®f ©merest 
Ticri«ti@m tU% mhm^s Watm^ a 
Tms& #f fiilwes.. Its mfHsmt im tli® ®ir@ait, tli#a, will le smm 
s@rt @f ii iv9i^t«t mmr-^ mt ta^m i^fing thi 
©iirr®at ©y®l#, the ]rolati©a,, a 
faa®tt©a @f tli® mrremt or tmnm, 
Tim aafpitmie ©f tfe@ w#tsbtiag f^tsr will Aepeaft- on l^i® 
aanmr ia tl» iaimetM®® tailes wii^ tto® e«3CT®Hfe aai 
tM,m is fi3E®t fey t&« M^»tisati0» ©«orf». fto« fa®t@3r in th« 
indmetamie relation wMito ir©fl®#ts tii® sliajp® of tlie a^aet-
iasfeioB is mm^ C^I/1) # 0©as«<ii»nt^3r if a wei^tiag 
f«it©r is piriss®at, it will in %hm of tii» 
bolio s@e®Bt m mmm ®ff#©tiiP6 7@^itd ©f iateet* 
®0®e tlitB mmw %® mritti®, s«j 
wli®r® 1 is til® r» ir^»® ©f 
Bae®# im %Ms aai ta^ siailarity tettweea C45) 
aiai 146) it seems r©aao®«%l© t© as@«»s.: 
C47) 
C48) 
wh«r« M a»d I mtums mad k is tb# w#%btifi^ 
f&etm tm a partiealaf 
fh# taf-«iatte« #f a f^ws-indaettv# ttmm hmmmmt 
tm a pmw%tml&w wltt# ®f ®ff®efcif« mrrm^b I. fh« !•©• 
alstamt® %ara 1 iiielii<l#« tto« ©ffsetiir# r#fil*taae« ©f tb® 
r©asl(@i» as w«ll as any mt>mmX In tb# @4y©wi%» 
3tei» 'C4S-I Is aa aaswptloa, ©3ep@:i»t»»iit«l 
wist b«f obtala®i,. 
B©f©r«' ®©«p«ting th® vmm^tmnm ©f s f#Ffo* 
imMMmw it ii 'ttesesaii-ffy te 1>@ abl# t# th« ©ffeefeit® 
I'diistaa^. tbt® ahexiM !»• 4tr®©%ly fr« tti® 
dtsifH' data ''Qf e©tl s%««l A#s«a. 
It i® t© eaXmlal# tsfa,® r#si.»taa<i# 
fey «l«f initiont 
wh»Tm W is wmttag® 'ilssiftttdd ta tb# r©a@«« mist I the 
eff®©fctir«. f&Xmm Qt th® fttMaa©atttl e«Mpoa©at ©f 
Emmmw^ tli«- ewpoa^a-b is ».©% obttt,in@d, tm 
•e. ®r Sffaetiv® i#al«taa«# 
W 
m) 
®f.f»etiir# "ffalo# -of th® €latoi»te€ «»«»!; usually 
being tb# ©alf info¥»ti@» dlr«©tl^ avallabl®. 
m 
mm ® f«w-0-liia!*efeor is %m with 8«©tb«f iaipeimn©© 
«er#«8 a stwt®«ttal ¥#ltag@, feb# e5a^#at thrm^ mT 
til® f^ltaga «ei*®«s tb.® f#W0-laftast@-^. Is siaasoidal, in 
g@n#ral. fbe^sfor® tb« flm is met fe«t is »a€@ up 
©f- tb© fa.ndaa»ata3, pl«s hmTmm.te fp«3a©»ei@g., irea 
lo»a'©» mwj m mm'» pmm^ ©f th® fF«qa®»ef» the @xp©a#a% fe«ing 
b#%w#«a ©»©• «ad %•«. fti«y also «r® #©asM»r#d a fiastiija-
th# pi«i flaK -density. Tbm p&mU flux mm. to# *©a#«f©d 
by mmim #f a p®«k ir«adliig tab© v©lt»t®p# if th& 
aa0a.®tlsatioia «»rf« is a^atlaM©, but tbls is not a ecmv®iil@at 
'Wm Gm.mm$.mmm ©f t:b® wa <saTPF#nt, 
v©l*«f© airf th# pmrnw mr# «©s% obtain®#, ^Ooa«®c|«®ml;ly 
tt3€. ysiatt#a ^tw«©.n »a -afflpw# ta«t aM »at%s 
less fer stieb distort®^, flax wm-w&tmmM. wouM b® latwwstii^ 
9'iMm it W'«i,14 -refl®#*! n9%. only th# irartmtioB ©f bli#^ lyoa 
l-©is#s with al«0 tb® mrlati#» #f loas®s 
witb p«ak flax or peak 
A .«st^ a 1 la s®Fi#s with. r#«st0r #1, 
IM t«yas,. v#lts®%#r,t watta#t» aai^ fflawiter was smt ap.. 
.Sii»s©iial 0f wmwMhlm mapilttti® was applied a 
wmre® ©f rfs-gilattofi, fb® i*®gist«a©@ E was «s-(»i in 
®M®r t© ebft^a#® tb@ v©ltag® aM ttoiia tb® 'tiamaiiie 
eoat#iit ot tlm jRas. Thm mp^rmnt •wrnwmt&m: ecwld b# m^Am t® 
tary ©ver a e©ii®id#mbl® »»g© ala-ost airaiseidal witb 
hi^ aeries rssistaae® aM voltage,, to distoi^tei, witb aa 
hi^ ms 3^ tliiM haraomie, with g«i?€> tstaiie#- im ««ri@s. 
60' 
f@ AetQvmlm ims mmM im «»d at « 
p«i»aM«t#F ia«t»ad of tte© mmmsnm pmk HmM d^usitj, 
data were• tak#a foi? ea^ws Ifoa l©sa#s -plottaHa «g«iast both* 
Wlm^» IS 8b©«s Kb® resalts imm lomnm* p@r p©itM ©f Iron 
plQtted a^iasfe flux ddasltj far wla-es of mmwtmm 
Mtst&nm 1- *arjlag twm i«ro %« fiv® b«aiip®i ©has. This gif#s 
fcb« wriatloa ^Sm wav©f®i» vmm%%omm mhmm^ Ttim mi tm 
mm ©f #1 was t>,9, poaads. FS^.r® 14 a siailai* 
mrwm ®f tF©n l&mmmm p&i» plo>tt#d against wm 
pm laefci. 
Figure 3.3 shorn »«» msplatidas mm %m wavefcr* varies. 
Indicating raoderat# ©f i#as#s wttb p»e«at«g© of flax 
har»©aie« Bafe f4@ir# M pldtt^i agftta«t ms amp®r# %mwm 
In&k Bhmm m&m. 1®8# w-i?iatl©a tm tm s«m® wa*© tmm ehajsg#®. 
ItlAeatly ih® Ammgt ta tti® lasses mtiah fwmqmmmj ts^ mmmh&% 
©offlii©.as«t®d Of the mmmpmnjlnQ, e'baag# S.a peafc-faet©? of the 
oaFi?#nt» 
Sine® thm mvmmM la s® i?®adllf •easmi-ei it m&ms 
t'O ttSd watts loss t«ma€ v«»i«s anpji?# 
%.iims pm- ta©fci, as %!»• Imsto f©i? ©ta^tlag tli# r®-
9lstanm of f«pr@-r«actofs In tb® p-iPO«©ss» 
.To 09«pit« til®, ^ffsstlv® resistaa©© ®f « r«aet©r dctrtx^ 
th® a##lga of m «nistl#ii (§0) to® as@A with I" 
as «ff®ttiv# -wmlmmt 
$1^ 
If froviws ,»®as«rea®nta on tb® irea, m& tli#n 
®xpresa«€ tii ef ms mp#p# taraa p#f» tti@ 
©ffeettv© f^siataae# .©f « for aay vtla® of mi^vmn% 
mm J' %« obtala®#.# 
fl@iF® li. e»a «ppr#xia«t»t t« a faix d«@r®® of 
p#w#f series of th® tmmt. 
•"la - "-"-j* '"I 
^blt mm gtwt as a» tm th# • 
- j:z 
/£/.. ^ KjA. 4- im 
/M- j^x "^r 
0a© t#»t ©f aa Iroa Is t@ ©iJtala th® ©©nstaata. 
K a,®i4 » 
foy tli.9 Hlpeirtll eor# a @attsfaet©yf «vgra.g© «rr# gav® 
valtt®# fsi-r »iia Ig whieb. led fcb® #q«atloai 
wL = o. 5/3 NT _ o _ 
k mmm @f %bls is •da«b©.t im Fi#,F» 14, drawn 
fi^ee d«t« iM taW® fh® i»®#ist®ae® of m 
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AMPERE TURNS PER iWCH-RMS 
ligt 3.4* •f tma, i^'Wi ftllMpi 
..WftlWlSSWi* 
a a 3 s » a »• a s a .§  a s a 3 3 
O O O O O O O  
• • • • ' • ® Ot iP* 0» 0« tO to 
oo O CftOCPO 
M O  O O O  o o  
•  • • • • •  t  
i-»oo©ooo 
«, # # .<1 .« # ,* 
°gs§§g8 ggSSSSS 
ooooooo ^-'MMoOOO ^SH'H'OOO© 
OOOOOiCni^O} «3CrOC3Ca^lO 
«»HO»?OOMJO oeoS-jfwwS oi.OTaTO^®S 
^®«o-aoiw 
• 
a t  o i o  o  
so !0 <© C» <>3 -a cs Ctl O CD <0 -01 
w « w « 
m O Q O  O O O O ^  ~  O O o o o o 
assss -<3 ti&. Kcn 
§•^<=>53 oo o o 
SgSig^l 
•>rf»-»©0000 |Mi-»Mt-«000 H'HJHH'OOO 
« # • # # • #  
s s s g g g g  g s p g g s s  
fABtl 11 
Iroa. Lommm fmw fmw^ ws, um Aiip«r« Tmwm P©r toda 
l«aet-.©r #3. - liferstl Cor#,. W#i^t i»0 P^nAs 
8 WAb»> 
•<&»» JDP«n I»®®» 
% 
0 g»4 0.:2S 
« 0.83 
» 1,11 It 9»S 1.2S 11 13.*i 1,32 
m i»4 0.28 m 0*64 
« fa las 
»• t#s 1#M 
ii..t 1.49 
S©0" S«4 0«2S 
w o#si 
« 4«f O«0^ 
« §•=? 
«• 7a l*2t 
» 
f Aim M 
lr#a tm&» Wm VmmA Wrm Iqwrntton (§3.) 
««s w/lto,. JDr©a £i«:s 
1 
2 . 0,395 
4 0.72S 
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A dts-iw-sstoa ©f of th© #®#ign ©f 
t# giv# « TOlu© r#sllj felagss m tb# proof 
®f «xi»fc#iae® of til® wei^tlag fa.cit©y V ©f #toafei®n (47). 
la @%b®y w©Ms '©aii a mitt# b# f©^ 
X = UJ D ..'OsucJ^  ok-Ms (SS) 
tm All vm%m4m mi 
Th® i^#«©t®3a©« ©an 1?^ ob%alfi©4 bj a«ttsiif'W©n% .©f 
•tiap«a«a®@ ««lag th® ^@Iatl®a ttoetj 
X -
wl3«r« Rq is irm %= 1/#., ffe® v&Mm 
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tiS S6g*0 fl 
^fgt oee*Q • 11 
n'f 38f0 01 
ot§ f09*0 s 
t99 0f<6'0 9 
f-OS OLB'O f 
968 §96'0 8 
ig© 000*1 0 
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111 08f0 01 
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108 S98*0 f 
fSg S96*0 g 
000*1 0 
iimio 1 1 
111^ wmm 




21 aaA 22 ifmlmm of vm&k&nm fm rrnQtm? 
#l with eoils of im «M 312 tuFHs wmpm^%%w&lj, m the 
I!lp©ipstl mw9* fb#»# mv®- plott@4 a.s s©lid lines in 
?lgiif^#s Vf aat 18. 
frm Figir# 17 V mm nm b# e©w,pit®d frtm tta.® Masor©d 
mT9m* Awbitw&wtlj Mi©©#® a p#tat well m.% am tb@ r@aefc-aae@ 
©QFV®, say at 10 aap©r® tmms p« tacti, at wbtdh point tb® 
r©a0taii®@' is 112 ©ferns. If a mla# "k" «i#ts: thm. %to.is wla# 
0f yeaistaiie®, aaS^all iibh«r f»iata ©a feh© sapv®, sli«M to® 
py®diet#i l&y (i5>s 
X •= luD^kz-cj^ - //a_ «t 10 a»p.fc«ras/iiieb. 
uu - 377 
P ^ (^•s-73^ /.g-jx a^rooo y^/^6, ^ 
/S. /S-K/O^ 
ujT) '  
5.73X- //;z-
2.73 -4 - o. H-i'O 
Fr©at f«'bi«s t 
2.13 ^  = 7. 36 2. 
Anotli©ip eb©ek «ft eaa b« ©MaineA tT-tm Figar® 18 foi? 
th®; 512 %»Fii -©©il ©a saM' mm* Cb.&m& tfe#' point at; 10 
aap®#® %«riis pir lacb at ^ieh th© r®,fi.©taa©© Im 483 
/ ~ Uu D - H-S.3 
© 
M 
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4^ 
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75 
a a a a f *  i a t a  a m  n n r e l i a h l e  I m  p r ^ S i e t l a g  t ) i «  p e r f O T a r a e ®  
©f an «oM«l emrs witH air gaps m€?roiial>lj pwssa.'tii fer tM 
a&piaMsatiea ewTss eapirioal eqmatiotts c}al©^dLa%«€ m4 
for the- remetors w©re as fellows;;. 
Ifettc1i©r #2 leaetor #3 
Cersj fieaioi C©re: MM«@a steel, leaalysis 
malncrim.. 
Tmnmt 180 fttnasj MQ 
m 2.46 Caas'twtg: a • -0,i04 
% :• 25,300 % • 22,700 
e • 4,100. o - 1,750 
leagth ~ f#0 • 10 »Q imlms 
feoas a&0f'S^m A» •0.»4t rnqm ta.* C^ss sftetioa. A. * 1*32 sq.iat 
C©iist®Rt It • ©•415 CeastsEBt 1: * 0*304 
Ttm three jraaetws mg«A mwrn a wide rang# of eharacteer* 
isMes, iaslutiiig a Mgii pexmeaMlity -i^ekel steel, a 
qmlitj st@©l m "wmxy ©rtlnsi^ .silicon .st©®l, 
as wll as ©oswrliis a -of p^sisal sla«s as sbovm in tlie 
pl»t©graphs, flstres 19 aafi 20'.,. Wi^xm 19 shows tte foar» of 
spilt ©'sar®, witfe a Joiat., iis»fi -wl'tia tl« Hipsrsil mm 
tm #1« fte ©ther e©iweatioiial, &t 1 I 
pmioMngs* 
•©la .iata 'fc^ tim reaot®®#a fsje T&mtQTs #2 .ami 
a3» gi**#a ia f alil®s t5 • saft 26 .• lr®s Wxlw 4ata isorapa'tatieas 
f©!- tbp -rate® of'k mmrm -©axrled #«lfe aiii vaa.m«.B ©f k • 0»-415 
76 
KLg* 19* Rector #1. 
77 
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82 
a«iag C54I and (§•§)• im aad , Thm r@;swl%s ar@ 
ta^lat-el tu fabl,© 29 fw e«i^ipis«a. in all ©as#* 
Is %m%m thaa 8 psi- <»Bt, tb® •©©miFfflag foF 
tt# bi^: mmU%mm e«s#,» ia whi^ tte®' wawf^rs- of •^iT«iife was 
tb# s®0t »#aFlj ai«:s©Mal» fbis ta«i»t#s a B©#i f@i. a 
slightIr ®©ilfl®4 v«l«t© df k, th® u »» swall, 
aM sinee »©t iM©h, wav«f^a t&k& pla«5@, 
tt i« f@lt that %&#_ siagl® will®, ©f k f th® tooa m this 
rmmm' mmM b@ tm all msm*. 
TABm 29 
Qmp&rMm q$ ife«saF«€ sad 




©has % % •&!.«-




0.40 ^ ff.5 i.7 t S8' Iti 40 I9i IM 
O.S© 9S.© 9.5 g 14 IIS M 119 116 
0*40 m*2 - 4.-f 08 SS 19g im 2m 2i3 
-o.s© m2,§ t.S 93 14 im im ISi ISS 
0,40 223.0 ^ 4.? 38 102 484 ©to 5S8 
0,56 300.0 a.i 446 S5 X64 4:71 4#? S5i 
Conaeqmtetlf It is »•« thafc^-s, a®tbo€ iias. .^«a: 
f&T thm of %bm lap^dsa©# ®# a 
Qlwrnlt at «»r val»® -ef m mmwmm&lj, a 
f«»r©-r®a©tlv# 'eaa be 4®8lg»@4 fco haw a dealipod 
83 
lsf«daae@ ;at a .MFiPsat value. 
V, fai f«i:0.sisomiT cisoj,® 
J... R«-so*s4 
aiwatioa C4t) msMmwmm imw & Mmlmm otr«it of R, h, aal 
Cl ^ 
c 
1 and fi hmlmg rmm vel»®8. fh« possifetlity mX»%B thmt tbe 
®©eoa€ tera tb« ratfieml m.j g© %# at «0ii» wl»® 
Qf I« At this feint tto© mmmtmtm is s«H a»l, th© 
abraptlj la©r«a##s. A eto-aait, tiietedlttg m , la 
wbisb this imppmm it said to be f«ri»0-r@s®mn%, b#^ase of 
tli« slu-llar'itf ©f tb# pr#-p#-i»tt0s. t.o f^#qo«ae^ mm&mnm* 
hsv® ats»®4 •0©ait«©r®l>i© isp»taa<s^ to 
tto# last fift@@a • f«.» «iti ftn aaaiysl# tm tto» laportaat 
titwml% fF©p«i*ti®8 w»t»M hm & d®.sirebl® applte«ti@a mM %®m% 
of tfe® f#ri*0"i^«efe«ae« aietslop^d* 
'to® of tb« iap®FtaR% «tr«S.% ©Itlser f» 
<i#sigii oy op«f»a%l©n, is th# voltage «t wlileb thm vm'&wmtA 
mrr&nt J«iBp tak#g placi®« Slae®, 
z -
and tti® itefiaitioa of r#80»aiie«- plaeas tb® fisanttf® 
tmw» ©taal t-o zmm, %h®n at reaoraaao®! 
^ u;^i)C 
U^^DCI 
I. • M. •^"("•»=^ (56) 
whsf# :i^ Is tij« ettppsat &% ?®##aaae#. It i« aot if#aiil|^ 
p©ssib3.# ta aea®a^«^%bi« ©«?f«.iitjr ai».e» 'Iftfw# it i« i»@setaM 
tb@ mr^eat • rls-«a %& & li%b®-r mitt#, fb® wltag© is-, nmmm, 
pfa©tiMllj ©oastaiit tbl« raag® aM «» b® wmdllj 
m®mmmT&A as tb@ r«»'#iaat -voltag# ©f feh® 
It «!»» %b« r®s®taiie# t« •E@r©jf the tatal 
^oltag# aff>«ai?i. «.^«s th® 
wt}«r« a ta »a.€@ up «f tli® elrewit mmlmtmmm ptes tb@ 
»ff®ctlw. y®st«ta»e© Qt th& m^s 




Wai»^ Mset'OF #1., in-series with at TOi?"Sabl® »iii®taaes 
m 
resoa^t wltag© glwa % eqmatloa C57K faliXe 30 |afes«»ts 
•fehes® iat© est Mgrne 23 ia a plot ©f tli« 
f 20 
msQmsli loltrnm K®^ljr®4 
#1 • 156 ffioi® 
































S, fate© ®f Sap»i%j E#-fair©t fer l«s<»®a©# 
Usisg aquatic (57); 
for the »soMat foltag©. with S « %+ S ,^ solviag for 
tlw -yala® -of 
to'pc = A«.A/£'k, 
c = ,4r 












This vate« ©f mp&ettj will wmmwmtm with » reaofeor ba-ying 
eojastaats D, fe, I mm& 1 ia a ©-irealfc of total r#ais:taiie« 
i 
B^at a voltag® 
C. P«ff©»tii@§ 
A«»iia@ a s»^i«s eif^ealt u^iag r««etoir #1, with «ai»clt|f 
C of 2S mlffip^fapads., mM. mt-mvml vm^sMmnm variatol©, 
.Icpatioa (4§) %lr,# ©f tli# lap#daae# 
at aay 'fala# @f fb# ©omtamt# #f »a®t-^ #1 arss 
» - ISf tarns 
B - ©•.•S14 
3. - IS •IS iiasii## 
A - i.8? af.lttA## 
a - o*m 
%-6§.ooa 
e - 18# 
k - 0.5 
•flgafft «S0w« til# wmwMttm tn lapedaiie® 
of.•••Ibis circuit tm vmlmw valws ©f mtmm&l eiy«it ?©»•- . 
sistanc® Itslwii -laptdase®, RUtiaally oaXy tb» wmMm ©f 
%h:m i« at «fr©iit. 
ti i« a of tte« ««jwt©d v®lta.g© across th® 
eiipi0»lt for .v&lmms ©f ®xt®yiial metMtmmm* 'Thm dasbsd 
pmtt^mt Qt tb# ^emv&m a«gst.l*® sX®p® ©aaaofe- to® «xpsn?l,« 
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90 
patb l>f tto# ar3?ows. Appareatiy fetils Ja^ starts at 
th© pt»int at wfal^ tfa® of tb© ij«gatii?# wmtm of 
Chang® ©f i»p#iftiae© #x»@48 th® rate of etiAag® of 
As th® «3£%®yml r#sistaiie@ In thm elfeiilt Is Sji©r®«is«d 
this luap • !?«(«««# l#ss,, sai. at leM tates taf r##iait«iie@ tfe® 
ettFV© of ¥oltft.g® ftpiiast «»«»% bas n© Jifflp toii.t i^«»s aa 
lafl,«etlMi p#latt wttto » ttogl#- t-etot. hmlmg a'taa^at ©#• aw© 
slop®.. At mlm%m ©f r««i«taiie® abw® this th© infl®©ti®ii 
point 41»app®a.»'a, as for tii© emr%® » Si. fb« t&e 
= 50 bus a. mmtl Jwap# m tb® f» tfa» iiifl#©tioi| 
point w«14 ttpptty«iitly feav® % tllgbtlj thftn 
50 ©hs®» 
F©r mlmm mt -SBitll fcii.® J«p #0«&s B®t &emr 
at th® San® v«l«« #f f« £»»»©#tag mm tm 
voltag## fb® mwmm% ia ttiis mgtm i® «ltt»¥al«©d. fb® 
&mm&t of ext«F»al psslsteno® whltti Jwst p©.raits rs-scamnc® 
without iwlti-falaM mrpmvit:,. m tbm vate® pro€tt©l.iig; tli# carv® 
with, a aiagl® p©iat #f ,g«r# is call#^ th-e ®riti©al r«-
ststane® m£ %-h® eifcsit. for mmf applieatioaa th& 
p©t®ibillty of two current iraj^jes ia tiM#si*a;bl@, m that tb® 
¥ala® ©f ©ritleal wmiM&SLC^*mhmM h® ta«iwa, ia or€@F that th© 
@3ct®paal reaistsnc® Jtey bi»''k@]pfc ^»at@r, i« mlu® t!:ia» n^, 
,'5- --^::t ^ ,; ••-•,-• ••.• 
'for ^ rtcws fal«e8 of ©xt®riml 
• .  •  f t  .  
ftf® fh#re is a "vmrj , 
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ilssgggs "#^0® A.rtir^ 
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««4 ih| H 4~4 
O»H03t0"«!»'«>t0J>SB<»O«a 
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O O O O O O O O O  O r - l i H I  
fAwm m 
•rn^mU. ^mrn 
mrnmm #i ,  § = m 
Ipam Sit«»si i = •© Wrnmwml i - i# • = m ii i = m 
I 
• 
1 I 1 
OM isi M IM ©•# lit 0*0 ifi •Q*§ 
oao u»e Mf lig ma im " is.»» 
o.so lt4 M%s tm 2i.a i» »#*§ im Si*i 
0,30 im tm • w,i isi 4i.f If# »•§ 
®.40 m »»# iia #6^0 lii lit «•« 
©•SO ft m*$ fS •t*S i« sit# lii «•§ 
0.60 ii- SI.8 f» Sf 5S»t im •^,© 
©•f© » i»*a fi 4§.S fS lf*S MQ' S4,t 
^*@0 li t€»4 Sf m »•# lU t0.€ 
o»i0 It X@tS it is.s ii© tt»§ 
um It 19*Q » m,§ « 10® 
m ms fS*© it.© %u 13 .f 
m m 
« P» rHlf-4 
mH 
m 
o o o o o o o o o  
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0^ Q2 Ota 0.6 
AMPERES - RMS 
m 
0, ¥ala© of fell® -(Qpitieal R#«istaa^ 
fb# eritteal ?®at«t«ae# ®f a tmwm'»iemmmn% e.tF«ait is 
that vala® ®f elrsBit r^ststan©® whieli will prodwe® 
•a ^olt-a»p#f® with a point ©f i»fl#etl.oii with 8#y© 
slsp©, aai with'Oiit wl%i-¥alw®s- foy fch® mrwmt* The i?oltag© 
eaa »pr«»8»ft ««s 
h - I J V (wDytix^ "4£ -^ -i (60) 
^ u^c J 
aad f©y tfais ©ttspf® feb© 'p^iat cf lmfls«tloa will bawi 
if - ^ 
l@foi'® taking tli.» it is a#o®s-saPf %o writ® 1 
a« s fnitetioa ©f sine® R iaela4#a tli«'©ff^ietiv© r#sistaae#. 
(S2) tb® r®sl«fcaa®« iss 
R,/ = ^ ^ K.H'' 
w - j^ 
MdlEtg t® this^th# ®xfe#F»»l of %^h« eirsttifc, is-
elaiiag tb« Fo®lsta®©» of fti® iPsaetQi', aM writing 
i?©a0to3? weight as wi 
/ ? = / ?  +  M  ' V  w  
" -jr- !6S) 




ffet# tl4®a b@e«tt©ss 
f .  (6« 
fh-ea appljiag tii© »aditi« CSl)i 
°- fe- [_(«•' !^-A("»-~^-T''-irj 





- t  f u j - i s M  -  ±  ] ' •  
Jiz J ^ 
(^  D  ^4^ .^ aj . iffAU 4t^ r/^  D  ^•^ - ±^  'J 
^ rF/  '  (®§| 
fb;@ last tw0 %#fas-F@dtt@© t# 
/?„ (/?„ -/- ML"' 
7X / 
m 
e< im MMpXttlmtlQm 
(vkf DyOJlJU) ~ UjD ^ o(  j  
fbls' i® a foadrifttl® im tli# n@t aM 
teas a soltttl^as 
~ UJ D^ol /<Uc£j>^yts*^ -
fhla i^ieii.t««,^ la gmmm&l^. •%»© m3a#8 of fcfe# r@a«%«»©© 
f©f whleh' il/€I - 0# waists tlt^ m4i»l is i«r®« fb© sorws 
«f Pigair«s -gS «aa 2« wfp»i»t this* F» fcb® wla® #f 
th# »di0«l ts b©iie# a© »«1 -©f- i»«a@taa@e 
€l/dl = 0 aa?® p0»«iM«.. fteis ts hj tUm mrwm fm 
is aM iS oW^s &^Qvrml rmis%mmm» 
•• 7*- ' 
. toy tto® *itto tb® pola% of 
having 41/€I « 0, tfe® valtt# 'of tb« Fadieal W8t hm s®^-©. 
Aiiplyiag tfels #©Mit-i®a J.a tw© mmm^trnms 
m} 
^uj Dy<i»-<Jb ^ ^ 
m) 
JJO VyXltJj Ad - 7^ , = 
10©' 
ftots-s# ea.ii !?« Into %@r»8'@f sidli aM e@sbi 
4. if? i"i 
l i t}  Imt-# {0&|f  • 
Cu TXaa,c£jJl^ - = ^J /Pq ^ A/vt/ 
Mr 
Ifnattm {?©! itafc#s tbafe «t this p^iat tli# r@«®t«a«« is a 
©f tb# ©ir@iit ip®#l®tanc#» w«al ©lr-©».it wlaes. 
Is zeip® p^aetieally at th© p©in% at th® eirsra-i% 
f»«©ts.ii®# ®tt»alg %b# F«sis%a»@® 1@,. 
co (s9) 
-4-;r = 
—-^— - ^ (UfJuAoL-
l?he,l@ft tfld® ©f %lil« ©faation ts oalcjalatol® fro® 
•-# 
fl^F@ 27 is e pl®t sf tb® fwnttoas 
® C<«-^y^C5t- /^0<./d-<xX^>^o( 
apt.Sji,st 0f Bf ©aij^ttag %h© l#ft sJl€@ ^ C^ll# 
1.5 
















0.5 1.0 i3 
VALUE OF KCX 
2.0 a5 3.0 
m 
tm 
«3at@rtng thm mvm st th® tm thm. mbmm 
faaetlcw, fh# -fftla# ^ b# rmmd iw&m %hm mrwrn^^* 
Tb# vaM® I -emy t^m' hj & ka®»l®€f# of 
th® #©ftst.aBt:» ^ t'h® SJP« 
Y ~ 
clH A  im 
mrna (68): 
fu /T)  ^Jhi .  ]  
c^vU J ' "y XI J 
»ay tat w i^fet#as 
)?  4-  K,Nf^oW_ I  / r . ,n  Q 
"TF^ / 
aad tfeis m&f hm »lv©# «s a 
t- '7r±/(W^>^^5' 
_ 
Is sh@wii ffil f©iP p»€ti€«l will feiae® 
toi 
P - 'drLP /<L'UaA 
^ " c^-aC 
28 is « plot Qt tto® faa«tt®as 
„^</^yiLJUuJ^ M,oC 
agaiast 'Bpw 'tb® valtt© eC ^e( #fe%aia#i mb©m, tb@ 





























53 S-i j_i H" M 
• • • • • 10 «3 m fo}-» 
^ K> OCO K) 
o o o s o  
sssks 5^  
!l»- OS to H" H" 
» • • ! » #  #  
-J| rf!» CI! O 0> 
at CD CO Ot#!' CD -aO> 
|^«>4 J«s»J m 0 t m t 
'n o» to o o 
orf^ tOOlO 
o o o  w o  
OS to H H» 
• • • • • Ch 01 &i o 0> A 0» •<» o> «o <ffl 
f-* O O O o 
«  *  «  •  •  M OS OJCiS o I-*CSIC39S0Q it>.<x>oi<:^o 
o o o o o  
*  •  •  •  •  
^ mmmpi mvo <ia3ZA 
^05 fs3mfi* 
ooooo 
• • • » • 0) EO o o 
<{ O 
o  
o o o o o  
•  «  •  «  »  
IssiS 
o M H»i-» to 
« * • • * 
-3) O 03 03 O 2  «>S&Q CO «n 00 cn o 
m 
im 
Bf mmm ®f W%gm* th® tftlw© of is f©aM t# to® 0.92 fro® 
wbl-^ hf ^faatiea |fS|. %bs at %ti« ittfl®eti®a p^iat is. 
to- b«t 
X - y /3 .  i 
<3,5" X 0.2.73 y fS-C= 
~ O. 5"7 5. ci.n>\p€rez 
'Qm »f Ft^fa 'Bi for .k<< = 0...9S,. ft wlw# for %b# 
of 0.*S1. fhsft {f4| r#8«lts iai 
1.,.^ X 0.^,^ ± A",3. ,car,  J ^ 
-3o.f  ±  J <joo ^  l^^oo 
_ — 
ain#« tb® a«gttiir@ s.l^. lias so gi^lftean« aafi all %te@ 
terms »r# a©.gl.l,gil>l,.© @xm-pb tb@ t»ya 3.5000: 
j? 3: LLH rz 5" 9 oA-HI J 
2. 
fh® external. 1^ %® tee -ussd t» th© eivailfe It,. f©p a 
«i«pp#ip msimt&mm S A*s.i -
^ 5r<^ - r~ 
/3. /C^ 
-  S'Z.Z 
ofems 
im 
Or, a®r® hj mam-^  (75) and FlgQF® i2&}, with 
^ ©••it, aat ujB - 2m, 
P ^ ;23i«. ic C5.s-f _ 
' \ o - 7^ @b»® 
as befsp© 
By -mtmrnMrn t# ?%«»# S5 n.i-: 26 tfe mm be m®mm th-at a Qmrn 
for 1 ©twal, %& §S #fea» ««»M giv® a «f¥# "WJey @i@s® %© tli® 
©orriiet loeatioa fer tb# mrm with %b« iafle^ i^ia pciint 
hmtnQ z#r# sl®f@. ihii %:h# «h®-®ry 
la tfe'ls  ^ and 
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¥1, fALiBifT m ms mmm&m mmmmm Asmummw 
ka In th®. iatrodnet'toit, it b«s b#«a €^«t€(^r|r 
f» aaa^ y»«r« to as#tt8i# f®wo»tna«etatt«« a sSj»«.it ®#nataij%^ 
aatf ttis f«i*o-i^ae%iv©/tol.tag© dyi®p ia a-»© as 
py©p0i»%l#iial to tb« mrmnt && int 
C'^t+e)  ^  u j  Ljl Zu^ /o^ 
A a«finitl®» fm lainetase®'- mrnn wsiag ®.£jf©-etiv® mTrmm% 
&m& is isttRllf ototaii^d iwmt 
--  u jL^r  
m 
'- hi— (77) 
UJ I 
• flist® «Qwati«yi mm teposaibi® if IsAm&t&mm is 
enasid#?®^ s ,3^s^toii ©f cwwent «ai tbar^fsr-® ©f tla#, as 
aotttsllj mmWB i» aa a-e elygwlt* lq«atioii C'?f)-alao peq^ir®® 
tm&UQtmmm to fr#Qtt®iiey, wl3i«fe, d<S0« mat &&fm® 
witb the «8«al. phjmlml eoawpfcs of iodtt©t.«ii©@» A lineai? 
Toltagf-mrFsut relation ?©•«• a f#ri<®«i'#«e|or -is iapli#a in (T?) 
and a-Illation ia feealy ua»d ia tli# ealeaMti@a• of nanj 
ft-0 eirmifcs ©SBtaiaiag' f®fro-r#»@t@rs withoat t© tb@ 
trath ©f tb» iapliestien. •» Is saw p#a#i^l® t« a@*@prii» wfey-, 
and t© what @xl©»t the »saa®p%i0» eonstaat L^©an !»• stippoi'ted,. 
K 
11 



















mmxitm fbis rssulfe® in a mrrmt psak* 
An mxp&wtmmt&l &hm&M of eqaatioa ifB} was pos;8ibl« with 
dmta titk@a fi»® fmtol# 21 f©i? i»«a.et©^ #1. Ffai this data, the 
f#a'e%l*e fdlfeagd ea-a to® obtained hj mm 
XX = (79)  
ami is pl©tfe@a as tb# solid Ito W, the ie#aetiv# 
^oltag# dyop CfS) is as 
tb« d«sh#d Itas #f tbit- ftga^r# ai^ g®«d. a^«#««Rt with tm • 
•th@«ry Is skmm m-m mm% ®f thm rnrngrnm 
Equation (f@| is m «xpr®ssl#a ©f ISyeftteoff *t law, aslitg 
I as the effectif# ml«« #f a.sla© wft¥® la 
vala© t© tto® s&v# this as# sf I is aii &p-
pr#a:totl©a wbi#fc tn #»£» for blgh bmsrasal® 
f®ir@eiitag»8, such a# oemr f-«r' •#pen"tttl#a mmw th® .peak of 
Si. The la el #f b@tTf®#a «M ealea-
la-tdt ip««et« voltages at %li# h%liW ¥alo,#s ©f f%i«r@ -30 «ay 
well hB -Mm t«j th® I «« aa «<jai¥»l«iit ala® wa¥@ o«rr#iit, 
ia eal«ilat£ag fi»« (79). 
fp-1# Tain#® •O'f ft*» aapsy# feii«as ms p»r iaeli, tfe@ 
agsuraptiwi ©f liiaifsr F@a.«ttv# dfdp is a©* Mffiffltlt %# mpport, 
% r©#®r®a<» Ftgar® 2, It; ea.a m&mm fcha%: flw .aapeip® turns 
»s p®.!* teffih weaM plae# th® peal ©f tb# *gB»t«©tiw f©r<w 
wav« to®l» %h© im#® (i€ th& mT-wm* If gp^mtmw 
f0F©#« «!•# «8t€, tb« mtwapfeiou ©f ©©astaat L 
b©ei»i®a %© ««pp»t. 
no 
1% has hmm mamemA aM ©xperlaeiitally siippoiptea thats 
X - cu 4^ 
ana. tta@ai 
E^- .  ly : - -uoX) i  
By C7?| 
I = -€i-_ (xj  D 
-e - __ ^ 
fh@R for «ff®etlv® -raloes' ®e aai voltag© 
L ^ -  ( 8 0 )  
How#v#r ffM |SS) for ©Ki»#»fc wmlms,  
[_ =  ^ (81) 
Wm%mtQ tb®s@ «3ipi^ ssioa» b©©«t #Qaal feo D aiidl 
f0F i»«H&etoy #1 » hm# a mto© 0f »6l4- heispfi 
If' [fl} wmwm &s3iia@d to ho%^,._ tli«a % «imld %h® sl©|3® 
of &mvmm km «ppro*4a»%« mlm cC % ©b-
fiiiaii' Cwm 'tb® avsimf® mXm^ of th@ linear pmttm. of F%are 
m gi^©« tm y@a@fe©r #ls 
I  _ ^  ^ 0,5~9 henfyj  
~ U) I 377K O'f  5" '  
fhts val»# f®F tg, 'w#!! th® ©f 0,©lf 
li#nFys ©lifeain«d tm this frcsi Ct§)» 
B.iMm Ii® inv®3.v»s r»a euyre^nt aM I. iBstaiitam@^s aurreat 
feb«r# wi l l  to® no mgt@®n®n% h^tmrnmn %bm tw© indM6t:«ae®s 
at m«fo mrvmn%* Tto® e^mpafiaon &t %hm ©xpi^s«io»» ioes, 
shew tt»« pl&e® ©f tb® faet®®' 1: la th@ weighted 
t 
Ill 
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fiiMM m 
muk ^fi«fet..#!si ,: „„ 
.e®gfe koc 
ko< «©i^ ko< 
MK 
Q.m QrnmQ 
0.3t !•!» mmm4 
0,6# 0,St8 
0»80 l..ai© o»sif 
0,^ l.S« 0*«40 
l-»lt Q*$m 
!•» %mmf ©•«3. 





nm-mtm mm* #i - iw rnmm 
(?f) mstrnw^ « 
I I M •1 1 IX 
«»p«« sap*. t®lis 
O.lf «f.4 QM- 1.4 mrnQ wm m 4§ 
•t»®4 »?•? 8-»0 Mm m 6? 
#•11 ©•4© 4»f m-,B zm. m ft 
94 »g ifi SI, i« 
0«84 O»«0 f , I  1®0 S4 8» 
1.,©1 »•© QmW •#•3 «•# Ml It @i 
1,» ft . i  MQ S»S #4.0 Hi M 
lU.7 m*-o tm IS §4 %*m 11.9 ma m 11 94 
# -tmm 21.» 
im 
¥11, OTMMIT 
Tim fl@M of has "mmm a#gleet@a 
for aany j®mrn. This iMwrnrnttgrntlm wa»- Insfclfcatei in an 
attempt fco develop asthods whitb wo«W aakd f@rr©'-iad«iefci¥® 
clpcaaite as snaeoptifel# of aaalysis as etT'imits wltb Qmst&nt 
parameters• 
Til© work has l@i th© d@ir»lopm®iit of «» aeenrat® ©at-
pirl^l ©qiaatisn for th& mmm a 
fhla ©qaatloa has b®@n ®ppli«t 4» preiHsfeiag th© iiidyietaiiee 
of a f®rffo«ii^«©%or at &mj valii© of ©arrant, sm4 neth^s ha^s 
b®©n d©i?©l.0p©d fm tb© ffl®asiar#a©at of this te<laet»ae«, th©s@ 
ra©tl}«^s eb@®king th® th®©ry elosaly, 
fb@ ©Qafttlon tm t@rr©»iiad«®tatt@« bag to@@ii ^ntraiiznd 
^ -m 
into a r@|||gpi|*'fw •ffdeti'ro f@m3^r®aetaa®» by aa ftsstMptloa, 
and lias b®@a obtalmA td support th© 
valliltj of tlj© msau^tptlm*' llstboda w«r@ also d©v©l3pe<i for 
-miml&tt^ ttm @ff@©tiir® msiatmmm ^ aa ir#n-©of@d r®aet®p. • 
- Applteatl®j was tfe@a oad® ^ to®tb of tliea® d@*©i©pB®a%s ia 
• ,eal©ml«tli»g th@ 4»|^dfme® ©f eSr^ita ferro-
plltor.. and th. result, -re agato -.11 .»pport«a by .x-
pmrtmntBl mMmnms fh© latter ©ftJLealatlQns lia^® appareatly 
nmv&F tm&m pmstblm brntmp^* 
Anotb©r appllmtlm ©f f@rr©-r@aetan«^ wm mA© t© tb@ 
^^^©•r«@©raat @ir©uit« aad sinpi© r@l«ti(xas for r©©©xiant 
116 
aM th© valtt® of th® 
j?©sl«taa^ ievslep^d. Thm® wem all eti«®k«€ 
to a satisfactory ©f accswraef. Amlftie iw&thoSa for 
thm@ 8Qlmtimm wmm n&t prmimalj availatol# la «tapl© fcam» 
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• XI, APPIIDIGIS 
App«-i^ ix A» Syffltodls 
a Constant ®f « .st©«l 
A krmm 
B Flux <I®asity 
% Cteastant of a st@©l 




1 ^ IK ¥@lta^ 
® lastamtaae^s v®l%ag® 
Vmak voltage 
0 
H ' f®y @® 
I lis €a»r«nt 
1 Instantaneoit® mww®m 
Ic W@luting eoBiitaat 
K 9filvftn<»»9t®xo eoastaat 
Iro«i loss mwiMt&mt 
Ig Iron loss ©#aataot 
Ii todttotaa©© 
I laiBb«r of tuifaa 
1 maMtrnim 
R@ Ctopp@F fQslatane® oi 
r@aet«* 
1© lff«©tlv® p#8latane« 
&lti@al I'sslataa*^ 
R© Constaat i»<s®iata{ica tera 
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c< dalTanoMitas' dafleetioii 
0 latriisaie indaetldn 
(jO Aiigalar fFi^ naaey 
Apl^Mlx B 
fh© Itane%toa 
X  X  X  g d x  
0.00 e.ooo ... g.oo 17bO ^^00 
oao O.lOO'^o^'^!^-" . 2»10 l«3Sf 4^g0 l.§4^© 
0*S0 0.100 6 ^go • 2*S0 l.SSO 0^0 4.40 1.546 
O.SO 2.S0 l*®?lrc' 9y^ 4*60 -' 1.S@1«J 
0.40 Brnm r?--^ 4,»80 i.5S4 ^^>'? 
Q*m 0»4i0 - g.so . S.O0 l..SS7,^^^ 
0.60 O.SiT^ , 2.60 1.4ga'^ S.go ?^'5 
O.fO 0.64r8 8.70 UMTS> ^ §.40 l.SSif/ 
0.80 . O.fSS S.:iO 1.449 S.iO 1.§6S 
0.fO ,0 .1^8 t.to 1.4Sr 5.80 
1.00 0.8®f • .3.00 l.4'?l 6.00 X.66i 
1.10 0.®88 -3.10 1.48*® l.S^P 
1.20 0.936o.^vf/5-.6f» 3.20 1..4S9 $>'7 
1.30 l,03r#'^5t 3,50 i,4t7 
1.^ 1.18?,'-«'^''».40 l.i04 
l.§0 • l.lSg" ' S..SO 1.510 
l.«0 1.172 35'1 3.60 1.610 
1.70 1.209 iti 3.70 l.,@Sl 
1.80 1.04S ibt 3.80 1.SS6 
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